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Part 13. RADIUM-URANIUM EQUILIBRIUM AND RADIUM-URANIUM AGES OF SOME
S SECONDARY MINERALS

By T W STERN and L R STIEFF
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2 Radium-uranium content and radium-uranium ages of some hlgh-grade carnotxte and metatyuyamumte samples 7
contmnmg less than 0.01 percent len.d

. Ten samples of cnrnotlte and metntyuynmunite ore that con-
taln more than 0.1 percent lead have been analyzed for uranium,
Ra™, and lead. Seven contain less than the equilibrium amount
_of Ra™ for the uranium present, and three are in radioactlve )

~-equilibrium_within -the_limits of “expéerimental error. “Radio- - h
active equilibrium between U™ and Th®™ is effectlvely estab- N.TRODUCTION
St

lished in 500,000 years, therefore the seven mdium-deﬂcient .-’iThe‘ prlmary .\vanz;dlferousmuramum “ores of the s

minerals have been altered within that time span. “The re-.
V/
-~maining three- snmples have not lost Th*™® by alterntion within_; C‘;l°rfff1£ Platiau am d:ia'raCten ded by thelr blaclk
the last 500,000 years or Ra™ within the last 15,000 years. An  COIOT. ow-valence vanadium and uranium minerals

approximate lead-uranium age can be determined from these s well as 11‘011, COppel‘, Iea.d and zinc SUlﬁdeS, arsenides
lead-bearing minerals 1f they have not been significantly and selenides are present. “Uraninite and coffinite are
leached of lead or uranjum, -. . .. “ -+ _agsociated with carbonaceous materxals vanadium is

Carnotite and metatyuyamunite that hnve tormed on joints -prese nt in montroselte and m vana dmm Slhcates.'
and fractures are low in lead (less than 0.01 percent) and
’ - Pyrite and marcasite are abundant

appear from field relations to be of recent origin. These coat-
ings are local concentrations formed after the water table was - ‘Oxidation of the uramum dep051ts probably took

lowered and the deposits were oxidized. If these minerals are place when the water table was lowered. Ores exposed
not now in radlum-uranium equilibrium, did not contain Th™ . ."to the au- oxidize rapldly and a hlghly va.rm.ble and
220 .
and Ra™ .at the time ‘of thelr deposition, and have not been ¥ complex mineral suite results (Part 5 of this volume) S e

further altered by selective leuchlng or enrlchment of radium, = .
Th™, or uranium, their time of formation can be established. ﬂ.Vunadlum minerals OXIdlze from ‘mna‘dmm (III) toA i

Radlum-uranium ages determined on five Colorado Plateau sec-’ vanadmm (IV) “and “J(V) mlnerals and “uranium
151

Radloce-lloi.ds, local concentmtions of radlum and its d ughter
-products, which persist for only about 15 000 yenrs, are present
in some oxidlzed ores. . -j 7 :
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minerals oxidize from uranium (IV) to (VI). When of oxidation essentially in place accompanied or fol-
the uranium is in the sexivalent form it is relatively lowed by some leaching. The lead-uranium ages of
soluble and free to migrate unless precipitated by com- these samples are variable.
plexing with vanadium. Many samples of ore con- 4. Coatingsof carnotite and tyuyamunite or metatyuya-
---- taining carnotite and tyuyamunite -(or metatyuya- - -- munite on joints and fractures are relatively rare and
. munite) which were formed in place give Pbe/[zs make up a very minor amount of the secondary ura-
= i.ages comparable to the unoxidized ores because there =:njum ores of the Plateau. -The geologic evidence in-
.~ Was no opportunity for the uranium or the elements de- ——z=dicates they are of Quaternary age.
~7:rived from the decay of the uranium to become sepa- o sy-nvsi %

RADIUM URANIU’M EQUILIBRIUM

oo ;conm'rrons FOR EQUILIBRIUM - -

admm uranium equilibrium is established when the
> b.tes of radium formation and decay are equal. Ninety-
i nine percent of radium-uranium. equlhbrmm is attained
Tin approxunately 500,000 years (Knopf, 1931, p. 110)
assuming Th#* was not present at the time of deposi-

“genic lead remain ‘in place “Presence "of radium- — ton. -The isotopes of uranium, U®? and U**, decay

uranium’ disequilibrium’ in ‘ores oxidized in place is’ grough “two selrilezs”of ra%oiitlye nuclides to the ra-
another measure of migration of radioactive daughter U™ isotopes, Ra*** and Ra™, Tespectively, which in
". products during the past 500,000 years. - - e burn decay through a number of radioactive nuclides

-=-A. M. Sherwood and R. G. Mxlkey of the U. s. Geo—ww“to the stable end products Pb*? and Pb2°, respectively.
~~ Jogical Survey made the chemical analyses for uranium ‘z:"'The contribution of the actinium series (U”“) to the
~‘; 5 and lead. R.G. Rice and W. A. Peavy, Jr., of the Na- " radium content in the samples is negligible and there-
% 'tiona] Bureau of Standards, and John’ Rosholt of the *fore, this series will not be considered in the discussion

L 1 d the radi content of our »m‘that follows. Flgure 1 is a curve of the age in years
j ‘.: gﬁ;’:ﬁf; ca Survey o e 0 €0 plotted ‘against percent Ram ;and U=%e

g ' o for the range 10,000 to 500,000 years. 7
: J?ﬁCUltIfIENCE OLE;EQI‘.:%%%&;TEYAMWTE’ AND ====If a uranium mineral contains less rud11_11m than re-
e iz e e o Fimm «Sier s - g quired by the equilibrium ratio 8.32 X 10 g Ra.m/g

Several distinct occurrences of camotlte, tyuyamu- U, two explanations are possible: =
. nite, and metatyuyamunite can be observed in the field -1. The mineral has been unaltered since deposmon, and

_.rated. Some deposits, however, have been leached both

durmg and after oxidation, the uranium and vanadium . .
.5“"“"”%5 having migrated relative to Th**, Ra®®, and mdmgemc 5
~x7+Jead. YA criterion of such movement of uranium and

- R metatyuyamumte on ]omts “and” fractures contummg
- essentmlly no radiogenic lead. “In other cases, daughter °
products may be moved and the uranium and the radio-

equrhbnum

‘and luboratory These occurrences are: ==, ——its age is less than 500,000 years. *—-— o e

~———71;-Secondary--uranyl.vafadates locally replace woody~.2 -The mineral has been influenced by selectlve Jeach-~

" material such as branches and trunks of trees and - _.ing of Ra®°, Th**, or enrichment of uranium, or all

_“trash piles” of organic material. Some of these three, and the radium-uranium age of the mineral is
occurrences are very rich in uranium and samples . ¥indeterminate but the leaching or enrlchment has
~with-as much-as-35-percent.uranium may be obtained - taken n place within 500,000 years, "7

_.W1th little purrﬁcatxon “Céllular structure -of-these- —Only—those -samples w1th essentmlly no radlogemc

=7:woody materials is no longer visible in thin sections “:lead can be given meamngful radium-uranium ages, for

—--—-w,although in the field the general treelike shape is'still :"the absence of such lead is the clue that uranium in

“"evident.”“Agé “determinations- by the Jlead-uranium these samplés has migrated away from'its former loca-

method of this type of occurrence of carnotlte, tyuya- tion. In addition it must be assumed that all the Th2s°

munite, and metatyuyamunite as a rule give Tertmry and Ra®* present has been produced since the redeposi-

" ages but not Quaternary ages. A tion of the uranium. Finally, the geologic evidence

2. Some of the secondary uranmm ‘minerals from the . for lack of post-mineral leaching must be established.

Colorado Plateau unpregnate cluy pebbles of various . %In pyritic environments uranium ores can also depart

- ~gizes and shapes. " These clay pebbles are of varying from equilibrium in the direction of a large excess of

. uranium content’ and some are very high grade. . radium caused by preferential leaching of uranium

iy hese occurrences, in general, give > Jead- -uranium ages . (Phair and Levine, 1953, p.. 358) : However, to the

'n'o older than Late 'Cretaceous but not as young as ~authors’ knowledge large excesses of radium are uncom-

- Quaternary. :; s wenn

8. A large portlon of ‘the secondary ore is dlssemmated “from the Platean, suggesting that thls type of altera-
in sandstone, These ores are believed to be the result tion is unusual.

P ": N B ”‘M"" T

2. mon in the various occurrences ‘of secondary minerals
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600,000 representative of small quantities of ores, and that all
samples from bulk specimens of ores showed normal
radium-uranium ratios, was interpreted as an indica-
400,000 [ : = = o= — o —-tion of local reconcentration of radium within the ore
_ body rather than removal of the radium by leaching.

500,000 -

300,000 |~

Ttis reasonable to expect that samples of masswe, un-

. ...leached uraninite would be essentially in radium-
- - uranium equilibrium. At the present time, however,
o iZonly two .samples ‘of unoxidized Colorado Plateau
“7 yraninite” have been “examined _indirectly for their
- radium-uranium ratio. *Senftle, Stieff, Cuttitta, and
Kuroda (1957) have determined that the Ra?2s/Ra=¢
s act1v1ty ratio for samples of uraninite from the Happy
o Jack mine and Mi Vida mines, San Juan Co., Utah to
e . be 0.048. This agrees with the value of 0. 048 for the
: Ra*”/Ra”“ .activity ratio determined by Kuroda for

200,000 |- . -

]
G

~100,000
90,000 |-

Age, in years
]
g

“the Colorado Plateau, Kuroda (1954, p.'10) determined
. interpreted this variation as a variation in the 238 /[J238

7 uranium present .An_a selected group of secondary
~_Colorado Plateau ~sa.mp1es :do :not - ghow any

. ratio. (Senftle, Stieff, Cuttitta, and Kuroda, 1957)
The variation in the Ra.m/Ra.m activity ratio is here

N ] e oL ing of daughter elements during oxidation and is a
ke i—Rodlum-uronlum equmbnum,ln percent_-;; _consequence of the relatively shorter time required for

B‘lam 47 —Age ln years as a function of. percent radlum-urnnium ] —Ra?® Oompal‘ed -to—- Razze to_ retum tO mdloacmve__,

equlllbrlum MRS SO equlhbrmm i

P S ) e er v v e,
REETEET R S I LS B D SRRY O AR 8 P A SR CE I AN

-PREVIOUS WORK .vv: '~

BA.'DIUM CONTENT OF OXIDIZED URANIUM ORE

In the study of the variation of the radium-uranium : Of the 10 samples of oxidized uranium ore tabulated
ratio_in minerals-other-than pitchblende,-Boltwood —in-table-1-containing more than 0.1 . percent lead, 7 are -

(1904, 1908) and McCoy (1904 1905) found that car- deﬁc1ent in radium when compared with the equ1hb-
' notite did not show any abnormalities.”- Mlle.’ Gled- rium amount. .Three of the samples are in equilibrium
-~ itsch-(1911) - and Marckwald .and. Russell - (1911a, p..—within experimental error. -As these 10 sampleg contain
~ T71; 1911b) found, however, that small samplés of ~ radiogenic lead they should not be dated by the radium-
‘ carnotite were appreciably deficient in radium. uranium method. These radium analyses are consistent
Lind and Whittemore (1915) have published theonly =~ with those reported for small samples by Lind and

letailed study of the radium-uranium ratio in Colorado Whlttemore (1915) and those reported by Gledltsch

Plateau carnotite. - They found that in samples of a - (1911). e e et

tew hundred pounds to several tons the ratio was in Asa rule, the near- surface occurrences of metatyuya-'

agreement with that of pitchblende, whereassmall sam- munite and carnotite have the greatest radium defi-
ples of a few pounds or less exhibited abnormal ratios. ciencies. However, even samples collected from under-
[n one small sample the ratm _was 25 percent deficient . ground occurrences may show large radium deficiencies.
and in another 39 percent in excess of the normal ratio  For example, samples from the Club mine (Nos. 61, 62,

for .Pitchblende. ; The fact that abnormal radium- "~ and 63) were collected within 30 feet of each other and
ranium ratios, both high and low, occurred in samples ~ have essentially the same Pb¢/U2# ago of about 70

T _—wBADIUM CONTENT OF UNOXIDIZED UBANIUM OEES

- =4, Great Bear Lake uraninite which is in radioactive
if' equilibrium. ~For samples of secondary minerals from

-:ratio. -However, mass spectrometric analyses of the
: 'vanatlon ‘greater “than 70.8 percent in the Uzes/U2e8,

¢ interpreted to be the result of recent preferential leach-,

Ly

-: Ra?28/Ra?? activity ratios of from 0.0441 to 0.131." He =
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TaBLE 1.—Radium-uranium content of some high-grade lead-bearing carnotile and metalyuyamunite samples

Theo- Experi- Percent

Type of - Average retical mental radium-

Sample No. oceur- Locality Mineral . U g Ra/g g Ra/g uranium
. (percent) | sample3 | sampie 3 equi-

rence ! - - .
. . . - (X10-%) (X10-%) Hbriam

2,3,4 Monument No. 2 mine, Apache County, Ariz.....ccaaa... Metatyuyamunite. 37.9 12.8 7.62 60
2 - | Jo Dandy mine, Montrose County, Col0..uucecen-x Carnotito. cceeeanenn 311 10.3 8. 53 83
2,3 Radium No. 6 mine, San Miguel County, Colo Metatyuyamunite 21.7 7.20 7.36 2
. . . , - excess

% S . do. i Carnotite. cuoeoeaaeaeeaanaas 32.6 10.8 11.3
excess

2 do.... 32.5 10.8 10.6
b2 PSRN « s gy SO PSROR SR Lo 1y SN 368.0 12.0 1.1 92
2 do..... 32.2 10.7 8,64 81
1 L+ [ 14.8 4.91 1.78 36
2 e do..... - . 25.4 8.43 7.19 85
23 - Bob Tsll mine, Montrose County, Colo e do . - 3.6 115 8.45 73

=*1 These numbers refer to the numbers glven under the heading “Occurrence of - .- asmuch as 1 inch thick and 'also as disseminated material. ‘The carnotite in sample 20
‘carnotite, tyuyamunite, and metatyuyamunite’’ on p. 152. PR -~ —~ was taken from a pillar approximately 100 feet inside the portal where the carnotite
l Computed from g Ra/g U in equilibrium=23.32X10~7 ¢ Ra/g U s 7 occurs both in small pockets and as disseminated material. Thls sample 'was over-
-3 Prepared for analysis by R. G. Rice and counted un er dlrectlon of L S Stock- 1ain by approximately 30 feet of sandstone.
- man, National Buresu of Standards. -« .~ v o et e . Samples 25 and 28.—Salt Wash sandstone member of the Morrb:on !ormntlon The
deposit is reached by an incline, Sample 25 was collected from a clayey seam of
Sample 9.—Shinarump member of the Chinle fon:gatlon. The sample was col-  cymgtite In the back of 8 small drift approximately 25 feet from the foot of the incline.
lected from a freshly blasted face of the open cut. The tyuyamunite and metd-  gympls 28 was taken from another clay ey scam in the back of a stope approximately
tyuyamunite are found as coatingson tho jointsand fractures, as disseminated material 160 feet from sample 25.
< in the sandstone and conglomerate, in thin veins of very gure material, and as Samples 61, 62, and 63.—Salt Wash sandstone member of the Morrison formation,
yuyamunite and metatyuyamunite replacements of clay pebbles. The sample was A three samples were collected from o small stope approximately 200 feet from the
«.covered by a minimum of 6 to 10 feet of sandstone and probably was protected Irom _ entranca to the upper workings of the mine. Samples 61 and 63 were collected from
'extreme westhering. rapese e T T a clayey seam near the back and on the opposite sides of the stope. Sample 61 was
Sample 13.—Salt Wash sandstone merber of the Morrison formation Sample 13" col]ecmd slightly lower in the formation than sample 63. S8ample 62 was collected
was taken from a small pocket of ver{ high grade carnotite with corvusite approxi-  from the back near the middle of the stope. This sample seemed to be a carnotite
mately 140 fcet inside the portal of the lower haulage adit. The fleld relations of repiacement of a crushed log.
sample 13 strongly suggest that the minersalizing solutions were controlled by a small ample 64.—8alt Wash sandstone member of the Morrison formation. The deposit
~* Joint. In comparison to the Jo Dandy mine sample glven in table 2 this sample is has been developed by an incline. The sample was obtained from the first drift
- = well protected from the effacts of weathering. ..: ... to the left down the incline. Close to the sampla location, the deposit was overlain
“Samples 10 and 20.—Salt Wash sandstone member of tho Morrison formation. by sbout 10 to 15 feet of sandstono. The sample was taken from a rich pocket of
Samplo 19 was collected from a pillar at the mine portal and should be representative clayey carnotite and corvusite. The carnotite Is disseminated or occurs in thin
of tbe effects of moderate wenthertng The metatyuyamunite occurs as 8 clayey seam clayey seams,

v T, - -
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rmlhon years. -Their radium-uranium equlhbrlum -
;' _..-ranges from 36 to 85 percent. “Such deficiencies are be-" ':'If recent movement of radium within the ore body
.7 lieved to be the result of preferential leaching processes “has occurred, the Plateau deposits might be expected
which have removed either radium or its lonwer half- 4 contain radium-bearing barite, (Ba,Ra)SO,, and,
lived radioactive parent, Th?®, The differences in in fact, they do. This highly radioactive mineral is
radium deficiency may reflect relative acce551b111ty of formed by the coprecipitation of radium and barium

_the samples to the leaching solutions, - .-~ _sulfate. _It is possible that the radium would exchange
*In summary; the radium-uranium equilibrium of car'—‘w1th thebarium “in~barite ‘as”it moved through the
~—-—notite- and metatyuyamunite, which-occur-as-replace- 5oy dstone in the ground waters so that these radiocol-
- ments of woody material or as impregnations of clay 145ids might actually be formed more or less continuous-
or as disseminations in sandstone, is variable and is ly. Unless continuously deposited, radiocolloids—
. probably related to the habit and to local geologic fac- 1,.a1 concentrations of radium—would be apparent for
——_—_——_—:—tors such-as-distance: from the surface- Qf the- ground —only-about 15;000 years after formation because of the
L “and porosity and permeability of the surrounding rock. __relatively short half-life of radium®s (1,620 years).
"77On the other hand, the deposition of crystalline ear-" “mqyaqs radiocolloids are additional evidence, therefore,
- "ﬁ'nOtlte and metatyuyamunite on joints and fractures is__ -of a recent alteration of the radioactive equilibrium. ..
Tecent and the lack of radioactive equ111br1um may be - :
a result of the short time that has elapsed since the RADIUM CONTENT AND RADIUM-URANIUM AGES OF
formation of the minerals. SECONDARY URANIUM MINERALS
In recent work Garrels and others (Part 15 of this The calculated radium-uranium ages for four sam-
- volume) give a comparison of the uranium and equiva- -ples of carnotite and metatyuyamunite from the Colo-
lent uranium determinations for specimens froma chan- rado Plateau containing less than 0.01 percent Pb de-
‘nel sample from the Mineral Joe mine. These measure- termined by the Geological Survey together with the
~ments show general agreement for each sample earlier result of Hess and Foshag are given in table 2.
..indicating that the channel sample is in radioactive These samples are carnotite or metatyuyamunite.
. equlllbrlum in spite of marked differences in extent of Their ages range from 10,000 to 120,000 years. The
: oxidation from sample to sample.  This is evidence spread in ages from 10,000 to 120,000 years is real pro-
" ‘supporting the conclusion that uranium or radium has v1dmg that there has been no postmlnerahzatlon leach-
not been leached from the channel sample. ing and no Th® or Ra®*® was deposited with the sam-

ADIOCOLLOIDS “;‘.» —_ '; 5.
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P ABLE 2.—Radium-uranium content and radium-uranium ages of some high-grade carnotile and metalyuyamunile containing less
than 0.01 percent lead

Theoretical, |Experimental,] Percent
Loeslity Mineral - - - U~ g Ra/g g Ra/g radium- Ra/U age
(percent) sample sample uranium .
(X10~) (X10~9) equilibrium
‘arco mine, Yellow Cat group, Grand County, Utah..._...] Carnotite 127.2 12,60 29 40, 000
o Dandy mine, Montrose County, Colo....ococ.._. Metatyuysmunite. . 120.0 2461 (. 7 ro: 10,000
ay Day mine, Mesa County, Colo. . anumueemmocemmoonaiofanans do..... 3520 . 4.108 oo e * 17105, 000
imall Spot mine, Mesa County, Colo. R PR |, - L 356.0 LT ,0333 | Lii w18 U0 24,000
iridger Jack Flat, Cano Springs Pass, Utah ®...eeeeoemeeens CAIMOULE. . neeamsemceecmcsemnsceas 54.6 { . Bal o er| o000
1 Average of four determinations: two by L. R. Stieff, M. N, Girhard, and T. W.  sandstone in an open cut leading to the lower haulage adit of the mine.
tern, U, 8. Geological Survey, and two by W. A. Peavey, Jr., National Bureau of May Day mino.—Salt Wash member of the Morrison formation. The sample was
tandards. - e - taken from a joint surface at the portal of the mine, This metatyuyamunite formed
* Analyst: R. G. Rice, National Bureau of Standards, -~ . ... -~ 2 =% man:  ongypsum and was coarsely crystalline. ... ...c-. v U e .
S Toeek o0 T 8mall Spot mine.—8alt Wash sandstone member of the Morrison formation. ~This

3 Analyst: A. M. Sherwood, U. 8. Qeological Survey, "~ ¥*
+ Analyst: John Rosholt, U. 8. Geological Survey. - = "~ -«. foo~

s Hess, F. L., and Foshag, W, F., 1927, Crystalline carnot!te from Utah: U,
fus, Proc., v. 72, 8rt, 12, P. 18, - »»%s wrmmie e mas eeelphpe w3

Parco mine.—8alt Wash sandstone member of the Morrison formation.” Tha Hess and Foshag (1927) describe this sample, thus: “The m formed compact
ample was collected from coatings of carnotite found on the surface of jolnt blocks  erusts ono to o gm&neﬁeg thick nmx;n;g t mu:éntlmetersmlfrgd o tho e
.tjtb?)enténncei;o thé: ll]é“&; agd (r%mt e o!bsund? tt%nel&);x l:ld o‘;;nrthglu:{uo du’ﬁ% narrow cracks. Where the crusts did not entirely fill the cracks the exposed surface

0 Dandy mine.—8alt Wash sandstone member of the Morrison formation. &
amplo was taken from a completely unprotected outcrop of very friable mineralized had a dull greenish color and showed Indistinct crystal terminatlons

‘r sample of coarsely crystalline metatyuyamunite had formed on gypsum which filled
. Nat.  a fracture in the sandstone. The sample was found in the ore bin and no informatfon

w—iet,

concerning its exact location within the mine is avallable. ' .i+:-

ples. If uranium has been leached from these carnotite " leaching selectively removed some of the radium or

and metatyuyamunite samples, the measured radium- - thorium*® present. “The time at which the selective
uranium age would be older than the actual age of the "leaching took place cannot ‘be " calculated from the
mineral. Hess and Foshag (1927) found that crystal- .radium deficiency. However, the fact that radium-
line "carnotite from the Bridger Jack Flat, Cane “uranium equilibrium has not been reestablished sets an
Springs Pass, Utah, is 32 percent deficient in radium. upper limit of approximately 500,000 years for this
The radium-uranium age of this material, using the leaching process. This disequilibrium can also be ex-
currently accepted time required to reach radium- - plained by the recent addition of uranium but this ex-
uranium equilibrium-is approximately 120,000 years.—planation in the case of the Plateau ores is not believed
The young ages are apparently a result of Quaternary = likely.”™ ™~~~ 777 . T ITTTTIOTTTTIT omorhs
deposition of carnotite and metatyuyamunite after the = - Secondly, uranium essentially stripped of its daugh-

water table was lowered and the deposits oxidized. The ter products has been redeposited on joints and fractures

field relations also strongly indicate that these joint as coatings of metatyuyamunite and carnotite. These
and fracture coatings have been recently deposited and  coatings contain only trace amounts of lead and are not
are related 6 the present erosion-surface: ~The-source-—in-radium-uranium- equilibrium. -Assuming that the
of the metals in those secondary coatings was the un--=Th?° and Ra®?-present have been produced since the
oxidized vanadium and uranium ores whose age is formation of the minerals, the radium-uranium ages
thought to be not greater than 75 million years (Stieff, calculated from their disequilibrium range from 10,000
Stern and Milkey, 1953, p. 1; Stieff and Stern, 1952). to 120,000 years. These ages indicate that some Quater-

These Quaternary ages give the approximate time for nary redistribution of the uranium in the Colorado

the oxidation of the particular deposits: Plateau—deposits—has occurred -after their oxidation. "

These Quaternary ages were determined on local re- = Finally, local concentrations of radium sulfate copre-
concentrations of carnotite and metatyuyamunite which .cipitated with barium sulfate are present in some oxi-

formed _é,'fte;'t'h-e:_Wﬁte'r ‘table-was lowered and the de-_dized "depdsit's, "These concentrations of radium are ap-' .

posits were oxidized ; the ages give a minimum time for  parent for only about 15,000 years after their formation

oxidation of the particular deposits. because of the relatively short half-life, 1,620 years, of
radium®*® and are another indication of Quaternary

_ SUMMARY alteration of the uranium deposits.
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“tu: Bridger Jack Flat.—Salt Wash sandstone member of the xMofﬂsbﬁ"fofmntion:'
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